AbstrACt
Objectives The epidemiology of fatal drowning is increasingly understood. By contrast, there is relatively little population-level research on non-fatal drowning. This study compares data on fatal and non-fatal drowning in Australia, identifying differences in outcomes to guide identification of the best practice in minimising the lethality of exposure to drowning. Design A subset of data on fatal unintentional drowning from the Royal Life Saving National Fatal Drowning Database was compared on a like-for-like basis to data on hospital separations sourced from the Australian Institute of Health and Welfare's National Hospital Morbidity Database for the 13-year period 1 July 2002 to 30 June 2015. A restrictive definition was applied to the fatal drowning data to estimate the effect of the more narrow inclusion criteria for the non-fatal data (International Classification of Diseases (ICD) codes W65-74 and first reported cause only). Incidence and ratios of fatal to non-fatal drowning with univariate and Χ 2 analysis are reported and used to calculate case-fatality rates. setting Australia, 1 July 2002 to 30 June 2015. Participants Unintentional fatal drowning cases and cases of non-fatal drowning resulting in hospital separation. results 2272 fatalities and 6158 hospital separations occurred during the study period, a ratio of 1:2.71. Children 0-4 years (1:7.63) and swimming pools (1:4.35) recorded high fatal to non-fatal ratios, whereas drownings among people aged 65-74 years (1:0.92), 75+ years (1:0.87) and incidents in natural waterways (1:0.94) were more likely to be fatal. Conclusions This study highlights the extent of the drowning burden when non-fatal incidents are considered, although coding limitations remain. Documenting the full burden of drowning is vital to ensuring that the issue is fully understood and its prevention adequately resourced. Further research examining the severity of non-fatal drowning cases requiring hospitalisation and tracking outcomes of those discharged will provide a more complete picture.
IntrODuCtIOn
Understanding the full burden of drowning is vital to resourcing and directing prevention efforts. In 2005, a revised definition acknowledged drowning as a process with three possible outcomes: death, morbidity and no morbidity. 1 While the epidemiology and risk factors for fatal drowning are increasingly understood, [2] [3] [4] particularly in high-income contexts with death registries, [5] [6] [7] there remains limited literature on the total population incidence of non-fatal drowning.
Existing studies on non-fatal drowning identify young children, [8] [9] [10] [11] [12] [13] people aged 65 years and over, 14 males, 8 10 minority ethnicity 10 12 and incidents in natural bodies of water 8 as being commonly represented in the data. Methods used to collate non-fatal drowning data include school-based surveys, 8 household surveys, 9 15 hospital discharge data, 10 emergency department visits 11 and injury surveillance systems. 14 WHO estimates that 372 000 lives are lost due to unintentional fatal drowning globally each year. 2 This number is thought to under-report fatal unintentional drowning due to a narrow definition of drowning, which excludes ICD codes covering boating accidents and situations where drowning is strengths and limitations of this study ► This is the first total population national study to examine fatal and non-fatal drowning in Australia. ► Novel datasets containing 13 years of fatal and non-fatal drowning cases were created using coronial data, media reports and hospital separation data, allowing identification of time trends. ► Ratios of fatal to non-fatal drowning in different demographics and circumstances provide a guide to identifying the best practice in response to at-risk groups and areas. ► A restrictive definition was applied to the fatal drowning data to estimate the effect of the more narrow inclusion criteria for the non-fatal data (ICD codes W65-74 and first reported cause only). ► These findings represent Australia and similar studies in other countries are recommended.
Open access identified as a secondary cause. 16 In Australia, unintentional fatal drowning claims the lives of an average 281 people per year, 17 with children under five, 18 males 5 and river users 19 over-represented. There have been several studies at a sub-national level examining non-fatal drowning in Australia. Wallis et al mapped mortality and morbidity rates among children and adolescents 0-19 years in Queensland, 20 reporting an overall ratio of 1:10 fatal to non-fatal drownings, with 70% of drowning events occurring in children aged 0-4 years. A Victorian study reported a ratio of 1:2 fatal to non-fatal drownings, with the highest fatal to non-fatal drowning ratio in children 0-4 years (1:7.6). 21 To date, there have been no national total population studies comparing the profile of non-fatal drowning to that of fatal. This study aims to compare data on fatal and non-fatal drowning in Australia to identify key ratios, significant differences and inform prevention efforts.
MethODs
Counts of fatal and non-fatal drowning were obtained and the fatal count was modified to simulate the application of the narrower definition of drowning used to identify non-fatal incidents. The directly comparable datasets were then used to calculate situational fatal to non-fatal incident ratios as a proxy for the lethality of drowning.
Fatal drowning data
The Royal Life Saving Society -Australia (RLSSA) National Fatal Drowning Database (the Fatal Database) contains all unintentional drowning deaths, regardless of the assigned first reported external cause of mortality. The process for capturing all fatal drowning data in Australia has been published previously. 19 22 23 In brief, data are drawn primarily from the National Coronial Information System. 24 In addition, other data sources such as year-round monitoring of media, police reports, child death review data, social media and reports from lifesaving clubs are used to create a triangulation method. Data from the Fatal Database were correct as at 19 May 2017. Data for the study period 1 July 2002 to 30 June 2015 were extracted from the Fatal Database for the purposes of analysis.
non-fatal drowning data
There is no routine collection of non-fatal drowning data in a manner comparable to the fatal data outlined above. Instead, ICD codes assigned to hospital separations (a process by which an episode of care for an admitted patient ceases) were used to calculate the number of hospitalisations related to non-fatal drowning events. Thirteen years of data were obtained from the Australian Institute of Health and Welfare's (AIHW) National Hospital Morbidity Database (NHMD) 25 for the study period. This dataset defines 'non-fatal drowning' as all hospital separations where the principal diagnosis was any code in ICD-10-AM Chapter XIX Injury, Poisoning and Certain Other Consequences of External Causes (S00-T98) and the first reported external cause of morbidity was Accidental Drowning and Submersion (W65-W74).
26 This is the definition of non-fatal drowning we adopt throughout our analysis. This is a narrower definition of' drowning' than that used to identify fatal incidents, meaning that the two datasets are not directly comparable without the modifications outlined below. Hospitalisations were excluded if the patient died in hospital (to avoid double-counting fatal incidents) or if the patient was transferred from another acute care facility (to avoid double counting the same non-fatal incident).
Data were provided in aggregate format by the AIHW, meaning that individual drowning events could not be distinguished. As such, no identifying data or case histories were available and subgroup analysis could be conducted only in relation to included variables, which were victim's age, sex, location and remoteness classification of incident location. Informed consent was not gained as data were deidentified and aggregated.
Comparing the datasets to calculate fatal to non-fatal ratios Non-fatal drowning data were compared with the fatal data covering the same period 27 for the purpose of calculating ratios of fatal and non-fatal drowning incidents in order to identify changes in lethality of drowning over time. The overall ratio was calculated using all available data, as well as specific ratios related to sex, age, aquatic location and remoteness classification of incident location to enable isolation of groups and situations facing high-lethality drowning risk.
The non-fatal drowning dataset contains only drowning incidents where the first reported external cause of morbidity was Accidental Drowning and Submersion (W65-W74). The Fatal Database contains all unintentional drowning deaths, regardless of the assigned first reported external cause of mortality. A large proportion of drowning deaths are assigned one of these codes (W65-W74); however, some are assigned to other codes, including those relating to Water Transport Accidents (V90-V94) and Exposure to Forces of Nature (Victim of Flood, X38). 16 The fatal drowning dataset used does not allow identification of primary ICD codes, meaning that it is impossible to simply exclude fatal incidents based on the narrow non-fatal definition of drowning. Instead, in order to produce a directly comparable estimate of fatal drowning to contrast to the non-fatal dataset, a case study was conducted by manually obtaining case-by-case ICD data for a four financial year (July 2007 to June 2011) subset of fatal incidents. This was used to generate a restricted fatal drowning dataset for those four financial years including only fatal drowning cases where the first reported external cause of morbidity was Accidental Drowning and Submersion (W65-W74), 16 in line with the definition used in collating non-fatal incidents.
The need to perform case-by-case analysis of ICD codes using coronial data meant that this directly comparable fatal drowning dataset was only able to be assembled for four financial years from July 2007 to June 2011, rather than the entire study period. Since narrowly defined fatal drowning could not be directly measured outside the four-year case study period, the overall proportion of fatal incidents meeting the narrow drowning definition was estimated based on the ratio of narrowly to broadly defined fatal drowning observed in the case study period. This approach assumes that the proportion of fatal incidents identified as drowning via primary ICD code is relatively stable through time.
This estimate of the proportion of all fatal drowning likely to be excluded under the narrow definition used for non-fatal incidents, as well as proportions calculated for specific age groups and sex within the four-year case study period was then used to estimate the number of fatal incidents captured by the inclusive RLSSA methodology (which includes secondary causes and additional ICD codes) but which would be excluded under the narrower methodology used to assemble the non-fatal drowning dataset.
This estimated number of fatal drowning incidents in the Fatal Database which comply with the restrictive definition, both overall and by age group and sex, was then used in place of the broader estimate throughout the study to ensure directly comparable estimates of fatal and non-fatal drowning incidents. It should be noted that these narrowly defined fatal counts do not reflect the best practice estimate of fatal incidents and are used only to ensure comparability with available non-fatal data. Figure 1 summarises the process by which comparable fatal and non-fatal drowning counts were estimated.
statistical analysis
Crude drowning incidence rates were calculated using Australian population figures from the Australian Bureau of Statistics 28 and are presented per 100 000 persons. Univariate and Χ 2 analysis was undertaken with a 95% CI (p<0.05). Χ 2 analysis compares children (aged 0-17 years) with adults (18 years and older) as per Australian legislation. 29 Non-parametric tests were also performed using the proportional basis of the population as the assumed outcome numbers. 30 For the comparison between fatal and non-fatal drowning, the hypothesis tested was equal frequencies of each drowning outcome in the population. A Spearman's correlation was calculated to test for the relationship between fatal and non-fatal drowning ratios and age group. Remoteness classifications are based on the Australian Statistical Geography Standard. 31 
Patient and public involvement
The data used in this study are retrospective and deidentified. In the case of the non-fatal drowning data, they were Open access also aggregated to further anonymise the data. In the case of the fatal drowning data, patients were deceased. Therefore, patients were not involved in the study design. Findings will be communicated to the general public through advocacy campaigns to increase awareness of all drowning outcomes (death, morbidity and no morbidity) and how the risk factors differ between fatal and non-fatal drowning.
results
Fatal unintentional drowning
There were 2272 narrowly defined fatal drownings across the study period. Fatal drowning ranged from a high of 196 in 2002/2003 to a low of 157 in 2014/2015. The total crude drowning incidence (both fatal and non-fatal) has been as low as 2.71 per 100 000 population in 2011/2012, with the 13-year average crude drowning incidence being 2.99 (all drowning rates are presented per 100 000 persons) (figure 2). Twenty-four per cent (23.6%) of those who fatally drowned during the study period were children. Males accounted for 76.9% of all fatal drownings. Among adults, men were significantly more likely to fatally drown than women, when compared with the sex distribution of child victims (X 2 =31.9; p<0.001) (table 1). Natural water locations recorded the highest proportion of fatal drownings (70.5%). Children were significantly more likely to fatally drown in swimming pools (X 2 =317.2; p<0.001), bathtubs (X 2 =10.7; p=0.001) and locations classified as other/unspecified (X 2 =14.6; p<0.001) than adults, while adults were significantly more likely than children to fatally drown in natural water locations (X 2 =359.7; p<0.001) (table 1) . Fatal drowning by remoteness classification largely followed population distribution with the largest proportion occurring in areas categorised as major cities (44.8%) and the lowest in areas defined as very remote (4.4%). Adults were significantly more likely than children to fatally drown in areas classified as remote (X 2 =4.9; p=0.027) (table 1).
non-fatal unintentional drowning
There were 6158 hospitalisations due to non-fatal drowning in Australia, a figure that has increased by 42.4% since the beginning of the study period. Children accounted for 58.0% of all cases, significantly over-represented when compared with adults (X 2 =4190.8; p<0.001). Males accounted for 66.1% of all non-fatal incidents, and the over-representation of male victims was significantly greater among adults than in children (X 2 =106.8; p<0.001) (table 2). Eighty-five per cent (84.5%) of all non-fatal drowning incidents in swimming pools occurred among children. The leading location for drowning among adults was natural water (47.5%), followed by other/unspecified locations (38.3%). Location of non-fatal drowning incident mirrors that of fatal drowning, with children significantly more likely than adults to be hospitalised due to non-fatal drowning in swimming pools (X 
Open access
Fatal to non-fatal unintentional drowning ratios Comparing cases of non-fatal drowning to the fatal drowning cases, after restricting the fatal dataset to simulate identical inclusion criteria, finds an overall ratio of 2.71 non-fatal drownings for each fatal drowning. This ratio peaks in the 0-4 years age group (1:7.63). There is a noticeable decrease in the ratio between the 10-14 years (1:6.43) and 15-17 years age group (1:2.89). The ratio continues to decrease until the 65-74 years (1:0.92) and 75+ years (1:0.87) age groups where fatal drowning is more common. Spearman's correlation shows a significantly negative relationship between the age group of those who drown and the ratio of fatal to non-fatal drowning, with the ratio decreasing as people age (r s =−0.991, p<0.001) (table 3). †Sample sizes represent estimates of the number of fatal drowning incidents meeting the restrictive ICD code definition. Different approaches to estimating this figure-assuming that the proportion of excluded incidents is constant over age, location or remoteness groups-yield a different estimated sample size. To maintain consistent whole-number fatality counts, total sample size is calculated using the sum of the rounded subgroup estimates. 
When examining location of drowning incident, other/unspecified locations recorded the highest fatal to non-fatal ratio (1:22.26), followed by swimming pools (1:4.35) and bathtubs (1:3.75). Drownings in areas classified as natural water were more likely to be fatal, recording a ratio of 1:0.94 (table 4) .
When comparing fatal to non-fatal drowning incidents, remote and very remote areas and natural bodies of water demonstrated significantly higher lethality of drowning (ie, a higher ratio of fatal to non-fatal incidents). Lower lethality of drowning was demonstrated among young children, drowning incidents in swimming pools, bathtubs and locations classified as other/unspecified, as well as areas classified as major cities (table 5) .
DIsCussIOn
Drowning is increasingly recognised as leading to a range of outcomes, not limited to death. While there is a growing body of literature on non-fatal drowning among children, 8 9 11 13 20 the same cannot be said for adults. Using repeated cross-sectional data from two datasets over a period of 13 years, this study provides the first total population, national-level analysis of fatal drowning and hospitalisations as a result of non-fatal drowning in Australia.
Our results show an overall ratio of 2.7 non-fatal incidents for every fatal incident. This is higher than the 1.3:1 ratio observed in the US state of New Jersey in 1991. 10 A study of 2003 US hospitalisation data estimates a ratio of 7.6:1, but this figure excludes fatal drowning where the victim was pronounced dead prior to their arrival at hospital. 13 Data from 1973 to 1977 in Hawaii 32 show a 27% case fatality rate among children who lost consciousness in water, which approximates a 2.7:1 fatal to non-fatal ratio among children only. Studies directly comparing the full burden of fatal and non-fatal drowning remain relatively rare.
Defining non-fatal drowning Consistency in data collection and comparison between studies in non-fatal drowning would be greatly enhanced by a uniform non-fatal drowning criteria. This study used hospital separations (admission and subsequent discharge) as the criteria for non-fatal drowning, based on impact to the survivor and health system, and consistent with existing literature. 13 Previous studies have used a variety of definitions, including emergency department presentations, 11 14 incidents attended by paramedics 21 and self-reported injuries. 8 15 Drowning prevention research and advocacy has benefited from a standard definition, 1 outlining consistent terminology to be used and obsolete terminology to be avoided. Current thinking about non-fatal drowning ranges from drownings averted and self-reported experiences of non-fatal drowning, through to high dependency care through the hospital system. Any non-fatal drowning criteria established must provide for greater categorisation potentially on the basis of severity and have applicability to a variety of data sources. A consensus-based approach through expert opinion could be used to Open access ensure relevance for both high-income and low-income and middle-income contexts, as was done in revising the definition of drowning. 1 these figures understate the true incidence of non-fatal drowning In order to ensure accurate ratios of fatal to non-fatal drowning, this study estimated the number of fatal drowning incidents which would have been identified using the unduly restrictive methodology used to identify non-fatal drowning. A study by Peden et al 16 examined the limitations of this narrow definition of drowning using ICD coding. Comparing case capture using W65-74 ICD codes as the primary cause to the more inclusive method employed by RLSSA in its collation of fatal drowning statistics.
Based on these findings, we believe that drowning studies using primary-cause ICD codes significantly understate the true incidence of fatal and non-fatal drowning. We can estimate how much this restrictive approach undercounts drowning by comparing a sample of fatal drowning incidents using the restrictive and inclusive search criteria outlined above. We find that using a restrictive definition of drowning reduces the number of fatal incidents identified by 40.2% relative to our preferred, more inclusive, definition. The extent to which the definition adopted leads to undercounting varies between demographic groups. 16 The impact on child drowning, which appear to be consistently categorised by ICD code, is relatively small at 17.3% for victims 0-4 years whereas drowning among persons aged 45-54 is undercounted by 50.6% when adopting a restrictive definition.
While the results reported in the body of this paper use an undercount of fatal incidents based on the ratio of narrowly to broadly defined incidents between 2007/2008 and 2010/2011, we could instead invert this methodology to estimate the number of non-fatal incidents which would have been discovered using a more inclusive (and more accurate) search criteria.
Assuming the distribution of ICD codes in non-fatal drowning roughly mirrors that for fatal, then accounting for the estimated proportion of non-fatal incidents which are excluded due to the restrictive search criteria used in the NHMD for each age group yields an estimated additional 2934 non-fatal incidents over the study period, for a total of 9092, had the more appropriate search criteria been used.
Children under the age of five Children under five have been identified as the age group most at risk of both fatal and non-fatal drowning, accounting for 24% of the fatal and 58% of non-fatal Open access drowning in this study. The high proportion of non-fatal incidents among this cohort is likely due to close supervision, timely retrieval and effective resuscitation. 33 34 Higher numbers of hospitalisations due to non-fatal drowning in bathtubs and swimming pools in this study are likely linked to this age group and the proximity of bystanders (likely parents and carers) to drowning incidents in and around the home.
With the number of fatal drowning cases in children under five declining, complacency may begin to impact the effectiveness of drowning prevention campaigns and messaging. Non-fatal drowning statistics may prove to be a useful tool to refocus parents and carers' attention on the importance of child drowning prevention strategies 35 36 such as active adult supervision, 37 38 restricting access to water bodies (including pool fencing) 18 and timely and effective administration of cardiopulmonary resuscitation. 39 Fatal drowning more likely among older people and in natural waterways Drowning has been identified as a particularly lethal type of injury, 15 with a lower fatal to non-fatal ratio than motor vehicle traffic occupant deaths and suffocations. 11 This study found that drowning is more likely to be fatal among older people (aged 65 years and older) and in natural waterways (such as rivers, lakes, beaches and oceans).
Although the broad category of natural waterways makes site-specific analysis challenging, analysis of fatal river drowning data (the leading natural waterway for fatal drowning in Australia) shows increased risk of fatal river drowning in remote and very remote areas that are isolated from major services, including timely medical assistance. 19 Water clarity, currents, debris and limited lifeguard presence also negatively impact quick rescue and retrieval. Flooding, 40 which can impede timely rescue and resuscitation, is also likely to impact survival outcomes.
For older people, the cause is less clear. Previous research showed that 13% of people aged 65 years and over who fatally drowned in Australia were engaged in an unknown activity prior to drowning. 23 This is generally taken as a proxy for being alone at the time of drowning, which is likely to impact timely retrieval and resuscitation. Among the same cohort, pre-existing medical conditions were found to be contributory to the drowning in 36% of cases, which may also impact survival outcomes. With an ageing population globally, 41 further investigation into factors impacting survival among older people is required. 3 
Implications for prevention
Understanding the full burden of drowning requires capturing both fatal and non-fatal drowning. Approaches to collecting drowning data which ignore non-fatal drowning are likely to understate the full drowning toll by a factor of three or more, and may prevent the proper allocation of attention and resources to drowning prevention.
The relative lethality of exposure to drowning in different environments and among different groups provides policy-makers with an opportunity to identify groups and locations who currently benefit from the best practice in drowning prevention and to carry those lessons over to at-risk people and places.
One key lesson from the fatal/non-fatal ratios presented here is that the presence of other adults is a key factor in preventing drowning from ending fatally. Children are both disproportionately likely to drown and disproportionately likely to be rescued, likely because they are rarely swimming alone. Likewise, drowning in the home and in urban areas is less lethal than drowning in natural waterways and remote areas, presumably due to the availability of potential rescuers.
Future research
While this study moves our understanding of the burden of unintentional drowning in Australia forward, there remain knowledge gaps. What is not yet known is the severity of non-fatal drowning on a national level and how this varies by demographics and circumstances. Future research should explore length of stay, time on mechanical ventilation, time in intensive care and victims' longterm outcomes. 42 43 Economic and social research should also be conducted quantifying the cost of drowning to the health system and the social impacts (such as mental and emotional health) on the drowning survivor, as well as their loved ones, rescuers and medical personnel. Only when research such as this is undertaken can the full impact of drowning be understood.
limitations This study has limitations. A correction factor is applied to the number of fatal drowning cases to predict the number matching the restrictive definition applied to non-fatal cases, allowing direct comparison between the two. This means that fatal numbers are an estimate of the underlying number of incidents meeting the NHMD drowning definition and are subject to random error. This approach also assumes that the observed proportion of fatal incidents in each age group meeting the restrictive definition of drowning between 2007/2008 and 2010/2011 continued to hold for the remainder of the study period.
The narrow definition of drowning (W65-74 as primary cause only) used to collect non-fatal data and to estimate fatal numbers has been shown to under-report drowning. As a result, while it accurately presents the NHMD estimates, this study likely under-reports the true number of hospital separations due to non-fatal drowning.
COnClusIOn
Inclusion of non-fatal drowning in drowning totals is vital to understanding the full burden of drowning. This study found 2.7 non-fatal incidents for every fatal drowning, with higher ratios among children under five and in Open access swimming pools and bathtubs, indicating that the exclusive use of fatal measures leads to a significant undercount of harmful drowning incidents.
Risk of fatal and non-fatal drowning varies across demographic groups, with children under five making up a disproportionate share of both fatal and non-fatal victims, underlining the need to target parents as well as potential victims in drowning prevention advocacy.
Large variations were observed in the lethality of drowning exposure. Incidents among people aged 65 years and older, in remote areas and in natural waterways, were significantly more likely to be fatal, suggesting that policies encouraging aquatic recreation in the presence of potential rescuers could reduce fatal drowning among these groups.
Research is required to quantify the nature of non-fatal drowning requiring hospitalisation (length of stay, time on ventilation, intensive care requirements) and victim outcomes. The full burden of drowning must be quantified and opportunities to reduce the lethality of drowning exposure identified to ensure that prevention efforts are adequately resourced and effectively targeted at those most at risk. Michael, Jo-ann and Samuel Morris of the Samuel Morris Foundation for their contribution in helping the drowning prevention community to understand the full impact of drowning. They also acknowledge all those who have experienced non-fatal drowning.
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